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INTRODUCTION

Skamokawa Creek is a small tributary of the lower Columbia River basin
which enters the Columbia at River Mile 27. Periodic dissolved oxygen
depletion during warn sumner months, other water quality problems, and
fish kills historically have occurred in the creek, particularly the
lower portion.

At the request of the Department of Ecology (DOE) Southwest Regional
Office, the DOE Water and Wastewater Moni toring Section conducted a
sanitary survey to determine water quality conditions within the Skamo-
kawa basin. In addition, possible explanations for the periodic occur-
rence of fish kills in the creek were investigated.

STUDY AREA DESCRIPTION

Skamokawa Creek and its tributaries (Water Segment No. 12-25—06) are
located in Wahkiakum County. The unincorporated town of Skamokawa is
located near the mouth of the creek and contains the majority of the
residences in the are.

Major land uses in the area include scattered dairy farms In the lower
watershed and state-owned forest lands in the upper drainage basins of
Skamokawa Creek and Wilson Creek.

Skamokawa Creek and its tributaries have a drainage basin of more than
31 square miles. The principal tributary, Wilson Creek, has a drainage
basin of about 13.4 square miles (USGS, 1977).

The lower portion of Skamokawa Creek is heavily influenced by tidal
action from the Columbia River estuary causing it to act as a settling
basin at high tide. This sedimentation process has produced very silty
bottom conditions in the affected areas of the creek. The Army Corps of
Engineers has completed several projects on the creek including con-
struction of a levee along the lower sections of the creek north of
Skamokawa and rip-rapping the banks at various points. In addition to
these modifications, a large portion of the vegetative cover has been
removed from the creek’s banks below Oatfleld Road (Station 3 - see
Figure 1).

Skamokawa Creek is designated as a Class A water in the Washington State
Water Quality Standards (DOE, 1977).

Skamokawa Creek supports modest runs of Coho salmon (onoorhynchua
lctButch), Chinook salmon (0. tohawivtnha), and Steelhead trout (saz~
jjuflWdflOPt). Chinook salmon are generally main-stream spawners fre-
quenting larger rivers and are not indigenous to Skaniokawa Creek (Hart,
1977). Chinooks probably were introduced Into Skamokawa Creek by dump-
ing of hatchery spawner excesses (Tracy, 1975).
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In 1975 a serious fish kill occurred in the creek in which 2,361 three—
and four-year-old Chinook salmon and a number of juvenile Coho salmon
died (Tracy, 1975). Since 1975, periodic fish kills have continued in
the creek.

The upper portions of the creek have good vegetative cover and provide
excellent spawning areas for salinonids. However, some of these valuable
spawning areas could be threatened by logging road construction in the
upper drainage basin which has caused periodic silt inputs to Skamokawa
Creek from Quarry Creek (Fiscus, personal communication).

MATERIALS AND METHODS

Fourteen sampling stations were established along Skamokawa Creek and
several tributaries in order to characterize water quality conditions
during low flow conditions (Figure 1).

On August 11 and 12, 1980 an initial survey of the creek was performed.
Measurements were taken in the field for temperature (0C), dissolved
oxygen (Winkler-Azide modification), and specific conductivity. In
addition, flow measurements were made with a Marsh-McBernie magnetic
flow meter and a top-setting rod. A velocity profile and depth measure-
ments were used to calculate the flow.

Water samples were collected simultaneously. Samples were packed in ice
and transported to the DOE Tumwater laboratory for the following analyses:

1. pH 8. Nitrite-nitrogen (mg/L)
2. Specific conductivity (pmhos/cm) 9. Nitrate-nitrogen (mg/L)
3. Turbidity (NTU) 10. Orthophosphate-P (nig/L)
4. Chemical Oxygen Demand (mg/L) 11. Total Phosphate-P (mg/L)
5. Biochemical Oxygen Demand (mg/L) 12. Fecal Coliform (org/lOO ml)
6. Total Suspended Solids (mg/L) 13. Chlorophyll a (ug/L)
7. Ammonia-nitrogen (mg/L) 14. Pheophytin a (40/L)

Biological samples were collected at stations 1-8 (Figure 1). Benthic
macroinvertebrates move very little over their life span, thus exami-
ning the macroinvertebrate conriunity structure present in an area pro-
vides a good indication of the long-term effects of pollution.

For the biological sampling, three stones of approximately equal size
and shape (oval and about 5 by 6 inches in diameter) were collected from
a representative riffle near each station. Each stone was placed in a
small-mesh net, washed, and rinsed until all visible organisms were
removed, then the organisms were preserved in 7O2~ alcohol (Bernhardt and
Yake, 1979). The organisms were later keyed to the most specific taxo-
nomic level readily attainable and the Shannon Diversity Index (Lloyd,
et al., 1968) was computed for each station.

Sampling on the creek was repeated on September 16, 1980 and October 1,
1980 with the emphasis placed on characterization of temperature in-
creases, dissolved oxygen depletion, and other water quality conditions
during above-normal atmospheric temperature conditions. Atmospheric
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temperatures were approximately S to 6 0F above normal during sampling
reaching a maximum in the late afternoon of 81.50F on September 16, 1980
and 71cF on October 1, 1980 (Weaver, personal comuncaton).

Initial temperature and dissolved oxygen readings were taken in the
morning before substantial heating had occurred. During the late after-
noon, flows, specific conductivity~ temperature, and dissolved oxygen
measurements were made in the field. Water samples were collected for
parameters 1, 2, 3, and 7 through 14 previously listed. In addition,
samples were collected for fecal streptoccocal and total alkalinity.

RESULTS

Water quality data collected on Skamokawa Creek are summarized in
Tables 1 and 2.

Ph sical and Chemical Factors

p~j - All pH measurements (Tables 1 and 2) fell within the 6.5 to 8.5 pH
standard for Class A waters (DOE, 1977). The highest value recorded was
at station 5 with a value of 8.1, while the lowest value was 6.9 at
station 11.

Total Alkalinit - The Environmental Protection Agency (EPA) has recom-
mended a qua ity criterion of 20 mg/L or more as CaCO3 in order to
maintain adequate buffering capacity for the protection of freshwater
aquatic life (EPA, 1976). The alkalinity values shown in Table 2 are
all above the suggested criterion of 20 mg/L. A maximum value of 67
mg/L was found at station 12. Tidal influence from the Columbia River
estuary which frequently has alkalinity values in the 60 to 80 mg/C
range (USGS, 1977), probably is the cause of the increased value found
at station 12.

Specific Conductivit - Conductivity values (Tables 1 and 2) remained
fair y constant between stations 1 through 11 with a maximum value of
89.8 nmhos/cm at station 9 and a minimum value of 65.0 mhos/cm at
station 1. Conductivity values increased sharply at station 12 which
most likely indicated an influx of water from the Columbia River at high
tide.

Furbidit and Total Suspended Solids - The Class A standard for turbi-
dity states that ‘turbidity shall not exceed 5 NTU (nephelemetric
turbidity units) over background turbidity when the background turbidity
is 50 NTU or less. (DOE, 1977). Stations 1 through 9 (Tables 1 and 2)
all had turbidity values of 1 NTU which are well within the state’s
Class A standard. Total suspended solids also were recorded at low
levels between stations 1 through 9 (Table 1), with a maximum value of 3
mg/L at stations 7 and 9.

Turbidity values in the lower creek between stations 11 and S-1 ranged
from 5 mg/L at station 12 to 8 mg/L at station 11. Total suspended
solids also were recorded at increased levels in the lower creek with a
value of 34 mg/L at station 12.
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The increases in turbidity and total suspended solids in the lower areas
of Skamokawa Creek are most likely being produced by tidal inflow from
the Columbia River estuary. The Columbia River is carrying a heavy
sediment load especially since the May 18. 1980 eruption of Mount St.
Helens and consequent dredging projects which could produce the higher
turbidity and total suspended solids values found.

Nutrients - Nutrient results are presented in Tables 1 and 2. Nitrite-
nitrogen (N02-fl) levels at all sampling stations were below detectable
limits (less than 0.01 mg/L). Ammonia-nitrogen (NH~-rl) levels also were
uniformly low throughout the creek with levels ranging from less than
0.01 mg/L in the upper reaches (above station 5) to a maximum of 0.04
mg/L at station 8.

Nitrogen uptake by algae generally is in the nitrate form if nitrate is
available (EPA, 1977). Nitrate-nitrogen (N03-N) values in Skamokawa
Creek on August 11 and 12, 1980 (Table 1) generally were below the
threshold value of 0.3 mg/L required to produce an algae bloom suggested
by Klein (1959). but the values had slightly increased to levels above
the bloom threshold on September 16, 1980 (Table 2). A sharp drop in
N03-N levels were recorded between the upper creek stations and stations
12, S-l, and S-2. The primary reason for the drop in N03-N levels
probably is due to a separate water mass -from the Columbia River estuary
moving into the creek at high tide which could have different N03-N
concentrations than are present in the creek.

Generally speaking, most waters are phosphorus limited requiring only a
small amount of phosphorus to support algal growth in relation to the
amounts of carbon and nitrogen required (EPA, 1977). Consequently,
algal bloom potential values of 0.01 mg/L for orthophosphate-phosohorus
(0-P04-P) and 0.05 mg/L for total phosphate-phosphorus (T-P04-P) have
been suggested by Klein (1959) to give an indication of possible algal
growth problems in streams.

Orthophosphate-phosphorus probably is more important to evaluate than
total phosphate-phosphorus in assessing algal bloom potentials since it
is only the soluble orthophosphate form that is immediately available
for uptake by aquatic plants (EPA, 1977). Orthophosphate-phosphorus
levels in Skamokawa Creek on September 16. 1980 ranged from 0.01 mn/L in
the upper stations (Table 2) to a maximum of 0.03 mg/L in several of the
lower creek stations. Table 1 shows orthophosphate-phosphorus levels on
August ii and 12, 1980 to be below the level of detection at stations 1
through 5 while they are only slightly above the bloom potential value
(0.01 mg/L) in the lower reaches ranging from 0.01 mg/L to 0.04 mg/L).

Total phosphorus levels also remained at low levels in the creek with
values ranging from 0.02 mg/L to 0.06 mg/L.

Examination of the data suggests that, while fl03-N generally is avail-
able in sufficient quantities for algal blooms to occur, phosphorus may
be the limiting nutrient. It is available in quantities sufficient to
produce an algae bloom only at some of the lower creek stations, pro-
vided adequate sunlight is available. Genera

1iy, nutrients would be
expected to be at low levels during the late summer when surface runoff
from adjacent pasture lands is at a minimu~

7



Bacterioj~jcal Factors

Fecal Coliforms - Fecal coliforms are bacteria found in the intestinal
tracts of humans and other warm blooded animals. Since they are re-
stricted to the intestinal tracts of warm blooded animals, their presence
in a water sample gives a good indication of whether the water has
recently come in contact with fecal material originating in warm blooded
animals.

The fecal coliform standard for Class A waters states that Cifacal coli-
form organisms shall not exceed a median value of 100 organisms per 100
ml, with not more than 10>’ of the samples exceeding 200 organisms per
100 ml (DOE, 1977). A median value of approximately 200 organisms per
100 ml was found to be present in Skamokawa Creek with 50 percent of the
samples exceeding 200 organisms per 100 ml (Figure 2). Thus, Skamokawa
Creek violated the state’s Class A standard. Fecal coliform concentra-
tions proved to be quite variable throughout the survey with the highest
concentrations occurring between stations 6 and 9 (Figure 2). In addi-
tion, an estimated count of 1600 organisms per 100 ml was found to be
present at station 12. The variability present in the coliform data
probably is best explained by the fact that bacteria are irregularly
distributed in natural waters.

Biological Factors

Information on the diversity (numbers and types of organisms) of benthic
macroinvertebrate populations can be very useful when assessing the
impacts of pollution on a stream. While water sampling may fail to
identify or may miss pollutants discharged intermittently, examination
of the composition of the benthic community present in an area can pro-
vide indications about the long-term effects of pollution on a stream
(Yake and Cloud, 1979).

‘Jormally, high diversity (low numbers with many species) values renre-
sent stable, healthy communities in a favorable habitat while low di-
~ersity (high numbers with only a few species) implies unstable com-
munities exposed to stress conditions (Bernhardt and Yake, 1979).

Jsuaily, wide variations are present in composition and distribution of
benthic coninunities from one area to the next. This makes it very
difficult to establish a diversity index that will allow a comparison
of different waters using the same scale. Considering collected data,
an approDriate scale for the Skamokawa basin study after Wiihm, 1972
might be as follows:

0-1 Heavy pollution
1-2 Mod~rate pollution
2-3.0 Slight pollution

Unpolluted

Shannon Diversity Index numbers calculated from Table 3 are presented in
Figure 3. The values ranged from a high of 3.13 at station 3 to a low

8
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of 1.71 at station 7. There was no apparent pattern in index values
from the upper end of the basin to the lower end. Most of the index
values fel in the slight pollution range. However, stations 2 and 7
had index values in the moderate pollution range.

Lxamination of the data in Table 3 shows that at least one or more of
the species which are considered quite sensitive to environmental
changes such as immature or larval stag es of E~Lcin~moi;t~rc (May flies),
P;’r!co>ter~? (Stone flies), ~‘ric7wi’tcra (Caddis flies), and EZimLo’ae
(Riffle beetles) (Hughes, 1977) were present at all sampling stations
(Table 3).

Diptera of the family Tendipedidae were present at all sampling stations
except station 1. Tendipedidae thrive in areas with a rich food supply
of organics and bacteria.

Water quality data in Table 1 do not appear to suggest any apparent
reason for the lower diversity recorded at station 7. Some degradation
may have occurred at station 7 in the past which probably would not be
detected by the water quality data collected. However, the presence of
sensitive species at site 7 probably is the best indication that con-
ditions were favorable for the benthic community in Skamokawa Creek at
this site at the time of the survey.

Overall, it appears that the benthic community in Skamokawa Creek has
been only slightly to moderately impacted. It is possible that habitat
alteration such as vegetation removal and logging in the upper drainage
basin could be as much of a contributing factor in lowering the benthic
community’s diversity as any possible intermittent pollutants.

SUMMARY AND CONCLUSIONS

During the investigation, Skamokawa Creek met all criteria for Class A
waters in the State of Washington with the exception of fecal coliforms.
Skamokawa Creek was in violation of the Class A standard with a median
value of 290 organisms per 100 ml with 50 percent of the samples exceed-
ing 200 organisms per 100 ml. The high fecal coliform levels most
likely result from a combination of sources. Most of the residences in
the SkamoKawa basin are older homes, built directly adjacent to the
creek bans. In addition, many of the homes in town discharge directly
into the creek. The proximity of the homes to the creek especially in
the town of Skamokawa prevents adequate buffering between the residences’
drain fields and the creek to prevent fecal coliform contamination
caused by runoff into the creek. In addition, cattle access to the
creek is virtually unrestricted throughout most of the area. Contain’-
nation from dairy cattle could be expected to increase during the rainy
season when runoff from adjacent pastures increases.

During our investigation, Skamokawa Creek appeared to be quite suitable
for fish ~assage and spawning success. Dissolved oxygen concentrations
were well within the acceptable limits for fish survival.
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It appears from a review of the available information, that the periodic
fish kills have occurred in the early morning hours during periods ~;

very low stream flow when large numbers of fish are spawning.

Aerating falls and riffles as well as attached aquatic plants are air-ost
nonexistent in the bier reaches of the creek due to the silty botto?
conditions which prevail. During the early morning hours when dissolved
oxygen concentration reach a minimum, the added burden of several hundred
fish moving upstream to spawn probably caused critical dissolved oxygen
concentrations to be reached (Tracy, 1g75).

Recently the Washington State Department of Fisheries has modified its
management plans concerning Skamokawa Creek by allowing additional
fishing pressure which has reduced the number of fish arriving upstream
for spawning. The reduction in the number of spawning fish should
eliminate fish kills due to reduced oxygen levels produced from over-
spawning the available habitat which historically has occurred (Fiscus,
personal communication).
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